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Abstract 
This study aimed to investigate the age-related differences in sprinting performance, 
kinematic and kinetic variables in girls aged between 7.0 to 15.3 years. Step-to-step 
spatiotemporal variables and ground reaction impulses during sprinting were collected in 94 
Japanese girls across a 50 m in-ground force plate. From the results, a difference in rate of 
development in sprinting performance in girls over 12.7 years compared with younger girls 
(YG) was observed. The older girls (OG) became slightly slower each year (−0.09 m/s/year) 
compared to the YG (0.24 m/s/year) who increased their running speed. Moreover, height 
increased by 6.3 cm/year in YG and only 3.6 cm/year in OG, while step length during the 
maximal speed phase increased by 0.07 m/year in YG and plateaued in OG (0.01 m/year). 
Propulsive impulse during the initial acceleration phase was the only kinetic variable to 
differ in rate of development between the age groups with an increase of 0.024 Ns/year in 
the YG compared to −0.010 Ns/year in OG. The development of sprinting ability in Japanese 
girls was more rapid before age 12.7 years. The difference in rate of development in 
sprinting ability can be primarily attributed to greater growth rates in YG, contributing to 
increases in the propulsive impulse during the initial acceleration phase and step length 
during the maximal speed phase. The limited gains in step length and the propulsive impulse 
in OG may reflect their reduced growth rate in height and the fact that increases in fat mass 
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Introduction 
Sprinting ability has been linked to success in sports for both children (1) and adults (2). 
Even though sprinting ability is one of the most sought-after athletic qualities, little is known 
about the natural development of sprinting ability in youth, particularly in girls. Sprinting 
ability rapidly develops in preadolescence in boys and girls, with a plateau in the 
development of sprinting ability occurring around the mid-pubertal period (3). The 
preadolescent gains are largely attributed to a rapidly developing central nervous system 
(3,4) and will also be influenced by increase in body size during this time. Post-pubescence, 
sprinting ability rapidly develops in boys (3,5), but not in girls (3). These differences have 
been attributed to the variation in timings of maturation with girls maturing about two 
years earlier than boys (6), and the different outcomes of maturation. Although both sexes 
will increase muscle mass during adolescence, the gains will be much greater for boys, while 
girls experience much greater gains in fat mass (7). Additionally, males demonstrate greater 
increases in strength, power and coordination, while girls show little change throughout 
maturation (7-9). Taken together, these factors could negatively affect sprinting 
performance in girls around the time of adolescence. 
Multiple studies have identified periods of rapid and slower development of 
sprinting performance in boys (10-14). For example, based on the average running speed 
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development of sprinting ability compared to younger and older boys (14). The slower 
development during this age span was accompanied by a lack of increase in relative 
propulsive force and decreased step frequency. In contrast, a rapid development in sprinting 
ability in boys who were younger than 8.1 years and older than 12.1 years was observed. 
Moreover, these rapid developments in sprinting performance were accompanied with 
increments in propulsive force for both age groups during the initial acceleration, middle 
acceleration and maximal speed phases (14). There is a paucity of research investigating 
sprinting performance in girls, with researchers suggesting that the development of 
sprinting ability in girls plateaus around mid-late puberty (15,16). For instance, researchers 
have reported a slower development of sprinting ability in adolescent Slovakian girls aged 
13.5 years and over, with slight increments of running speed, constant step length, and 
slight increase in step frequency (16). 
Although previous studies have provided some insight regarding the development of 
sprinting ability in girls and associated kinematic descriptors, there is an absence of research 
investigating age-related differences in sprint kinetics in this cohort. Ground reaction force 
(GRF) is the source of acceleration or deceleration of the body during sprinting, and 
investigating GRF during sprinting will allow a deeper and insightful understanding of the 
development of sprinting ability in girls. Moreover, GRFs during the acceleration phase of 
sprinting largely change as propulsive forces decrease and braking and vertical forces 
increase from the initial acceleration to maximal speed phase (14). In addition, the 
difference in maximal speed results from the preceding difference in applied GRFs during 










This article is protected by copyright. All rights reserved. 
subsequent running speed in girls will provide practitioners with valuable knowledge to 
further develop sprinting ability. 
Given the aforementioned information, the purpose of this study was to investigate 
the age-related differences in sprinting performance, kinematic and kinetic variables, during 
the entire sprinting distance in girls over a broad range of chronological ages. Based on 
knowledge of growth and maturation processes in girl, we hypothesized: 1) there would be 
a rapid period of development in sprinting ability in younger girls followed by a plateau in 
development of sprinting ability around the age associated with mid-late puberty; and, 2) 
that changes in rate of development in sprinting ability would be the result of increases in 
body size and step length, as well as greater relative vertical and horizontal forces. 
 
Materials and methods 
Participants 
Ninety-four untrained girls aged between 7.0–15.3 years old from the same school 
participated in this study. This study was approved by the research ethics committee of the 
National Institute of Fitness and Sports in Kanoya, and written informed consent was 
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Procedures 
After a warm up including Japanese standardized warm up exercises for schools called 
“radio gymnastic exercises,” stretching, and a game of tag in accordance with the physical 
education class program, as well as two 30 m sprints, the participants performed one 50 m 
maximal effort sprint with data collected during a physical education class. Each participant 
wore their own running shoes and started from a crouched standing position 0.5 m behind 
the first pair of single beam photocell units (TC Timing System; Brower Timing Systems, 
Draper, UT, USA) using a split stance with one foot staggered in front of the other. The 
sprint times at the 25 and 50 m mark were recorded using photocell units placed at both 
sides of the running lane at the 0.5, 25.5 and 50.5 m marks. All the photocell units were 
fixed to tripods set at 1 m high at the 25 and 50 m mark and approximately chest height of 
the crouched participants at the 0.5 m mark.  
Serial GRF signals were recorded for the 50 m sprint from 1 m behind the starting 
line during sprinting using a long force platform system (1000 Hz) consisting of 50 single, 
interconnected platforms (TF-90100, Tec Gihan, Uji, Japan), similar to that described in 
previous studies (14,17,18). A research assistant instructed each participant on the starting 
position and then provided the starting signal for each participant. Researchers and 
participants’ teachers verbally encouraged the participants to maintain maximal effort 
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Data processing 
Step-to-step spatiotemporal and GRF variables for the 50 m distance were calculated with 
the anteroposterior and vertical GRF signals in accordance with the methods reported in 
previous studies (17,18) (typical GRF signals being shown in Fig. 1). The foot strike and toe-
off instants during sprinting were determined by using a 20 N vertical GRF threshold. The 
step frequency at each step was calculated as an inverse of step time which was the 
duration from the foot strike to the next contralateral foot strike. Support time at each step 
was the duration of the foot contacting the ground. The position of the ground contact foot 
after the start was determined as the centre of pressure (COP) of GRF on the ground during 
the middle (average for 0.01 s) of the support phase at each step (accuracy of the COP being 
less than 1 mm when the applied force is >300 N). Step length at each step was the distance 
between the positions of the ground contact foot for two consecutive steps in the 
anteroposterior direction. Running speed at each step was calculated as the product of step 
length and frequency (17,18). 
The braking, propulsive, net anteroposterior and vertical impulses were computed 
using time integration of those forces at each step. All force variables were expressed as the 
ratio to body mass. For running speed, the average value over the 50 m distance (all steps) 
was calculated for each participant. The averages of each spatiotemporal and GRF variable 
of sprinting during the initial four steps (initial acceleration phase) and four steps from two 
steps before to one step after the step at maximal speed (maximal speed phase) were 
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Statistical Analysis 
Means and standard deviations were used as measures of centrality and spread of data.  
Normality and outlier testing was undertaken prior to analysing the data. Because this was a 
cross-sectional study, the growth and corresponding development of sprinting ability for 
individual participants could not be evaluated. However, based on previous cross-sectional 
studies (15,16), it was expected that there would be a rapid period of development of 
sprinting ability in younger girls followed by a plateau in development of sprinting ability in 
older girls. Thus, it was assumed that the participants in this study could be divided into two 
age groups based on sprinting performance, and there would be a point dividing the entire 
range of investigated age into two age groups (breakpoint).  
 A previously proposed statistical method (19-21) was used to identify the age 
(breakpoint) at which the rate of development in average running speed over 50 m 
changed, and the sample subsequently split into two groups around the breakpoint; a 
younger group (YG) and an older group (OG). In this method, a breakpoint between ranges 
of greater and smaller rates of development in sprinting performance was determined using 
two straight line approximations. When employing this method, average running speeds for 
a 50 m distance for all participants (Fig. 2a) were divided into two age ranges at first 
(younger three girls and older 91 girls at first). Then, each group was approximated with the 
first-order equation with respect to chronological age, and the root-mean-square (RMS) of 
the residuals of the two approximations were computed. These grouping and approximation 
processes were repeated with changes in number of girls in each group (increasing number 
of girls in younger group and decreasing number of girls in older group one by one until 
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combinations were obtained, the inter-region age that provided the lowest RMS of residuals 
was taken as the breakpoint, and the entire participants was divided into YG and OG (Fig. 
2a).  
Linear regression was applied to all variables for YG and OG, and the strength of the 
relationship (R2) and the gradient representing the rate of development in variables were 
reported. The R2 indicates the explanatory power of the independent variable, which is age 
in this case, on the dependent variable, while the gradient quantifies the effect of 
independent variable on the dependent variable (i.e. rate of development). The effects of 
age were then tested for all variables using the Chow Test for structural change to 
determine if there was a significant change in gradient between YG and OG. See Chow (22) 
and Greene (23) for more details on the test for structural break. The level of significance 
was set at p < 0.05.  
 
Results  
The breakpoint was found at 12.7 years, enabling the division of the entire range of 
investigated ages into a YG (n = 60) and OG (n = 34). Participant characteristics for the YG 
and OG can be observed in Table 1. The 25 and 50 m times were quicker in the OG than YG 
by 0.5 s and 1.3 s, respectively (Table 1).  
There were significant difference in gradients of the rate of development in average 
running speed between the YG and OG (Fig. 2a) as the YG increased their speed by 0.24 m/s 
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anthropometrics, only the gradients of rate of development in height was found to 
significantly differ between the YG (6.3 cm per year) and OG (3.7 cm per year) (Fig. 2b).  
During the initial acceleration and maximal speed phases, running speeds were 
found to be significantly different in gradient of rate of development between the YG and 
OG as shown by average running speed over the 50 m (Fig. 3a,b). For step length, significant 
difference in gradients of rate of development between the YG (0.08 m per year) and OG 
(0.01 m per year) were found only during the maximal speed phase (Fig. 3d). In terms of the 
kinematic variables, no other gradients of rate of development were found to differ 
significantly.  
With regards to the kinetic variables, gradients of rate of development in the braking 
and propulsive impulses during the initial acceleration phase were the only two variables 
that were statistically different between YG and OG (Fig. 4).  The YG increased their braking 
impulse during the initial acceleration phase by 0.002 Ns/kg per year as compared to 0.003 
Ns/kg per year of the OG, although the coefficient of determination in both groups showed 
almost no age effect (Fig. 3a). The YG increased their propulsive impulse during the initial 




This study quantified the development of sprinting performance, kinematic and kinetic 
variables in girls over a broad range of chronological age (7.0 to 15.3 years). The main 
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speed, there appeared one age span of rapid development of sprinting ability up until 12.7 
years of age with a subsequent plateauing of development of sprinting ability beyond that 
age ; 2) during the period of rapid development,  there was a greater development in the 
average running speed in the YG (0.24 m/s per year) as compared to the OG who actually 
became slower (−0.09 m/s per year); 3) this greater development in sprinting performance 
in the YG is most likely explained by greater improvements in step length during the 
maximal speed phase and propulsive impulse during the initial acceleration phase.  
There was a greater increase in the average running speed over the 50 m distance 
until 12.7 years (0.24 m/s per year), followed by a slight decrease beyond this age (−0.09 
m/s per year). This slight decrease in running speed in the OG can be considered as a 
plateauing of development of sprinting ability, which is in agreement with previous research 
(16). Vanderka and Kampmiller (16) reported that a plateau in the development of sprinting 
ability for girls occurred at an older age (13.5 years) than in the present study, this is most 
likely explained by the different ethnicity of the participants, as Japanese children are 
thought more advanced in biological maturity compared with European children (24). 
Understanding the pattern of natural development in sprinting ability can assist with talent 
development programs. Coaches need to evaluate whether training programs provide any 
benefit in developing sprinting ability over and above that experienced through growth and 
maturation. Based on the current findings, talent development systems that promote gains 
in sprinting ability in Japanese girls beyond the age of 12.7 y, or throughout adolescence, 
may be considered successful as natural development appears to plateau, or even decrease 
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In contrast to the current study using Japanese girls, two age ranges for the rapid 
development (before 8.8 years and after 12.1 years) and temporal slower development 
(between 8.8 and 12.1 years) of sprinting performance have been identified in Japanese 
boys (14). This indicates that the patterns of development in sprinting performance 
between girls and boys are different. The difference has been attributed to the variation in 
the timing of maturation with girls maturing about two years earlier than boys (6), and the 
different outcomes of maturation. Although both sexes will increase muscle mass during 
adolescence, the gains will be much greater for boys, while girls experience much greater 
gains in fat mass (7). Additionally, males demonstrate greater increases in strength, power 
and coordination, while girls show little change throughout maturation (7-9).  
There was greater development in step length during the maximal speed phase in 
the YG (0.08 m per year) as compared to the OG (0.01 m per year). In contrast, gradients of 
rate of development in step frequency did not differ between the YG and OG during either 
the initial acceleration or maximal speed phase. Increases in step length may be partly 
attributed to increased height and leg length, which will increase the contact distance 
during each step, plus the ability to produce high levels of relative force to increase flight 
distance (25,26,27). Differences in step frequency have been shown to contribute relatively 
little to differences in running speed with age in the present study, across boys of different 
age and maturation (10,14,28) and across adults where maximal speed ranged from 6.2 to 
11.1 m/s (27). Collectively, these findings suggest that training programs that focus on 
improving step length may be most successful as step length has greater capacity to change 
than step frequency. The limited gains in step length in the OG in the current study may 










This article is protected by copyright. All rights reserved. 
maturation impaired relative force production. Training programmes that either help 
manage increases in the accumulation of body fat and/or improve the relative force 
producing capabilities of the muscle may allow adolescent girls to keep making gains in 
stride length and running speed, although research is needed to confirm this.  
 In terms of GRFs, which determine acceleration and deceleration of the body, there 
were no differences between groups with regard to the gradients of the rate of 
development during the maximal speed phase of sprinting. This indicates that girls produce 
almost constant amount of mass-specific force in the horizontal and vertical directions 
during the maximal speed phase regardless of age. During the initial acceleration phase, 
gradients of the rate of development in the braking and propulsive impulses were found to 
differ significantly between the YG and OG. Because the braking impulse was small and the 
coefficient of determination showed no age effect, it can be suggested that the age-related 
change in the braking impulse had very little mechanical influence on sprinting performance. 
Accordingly, the difference in rates of development in sprinting ability between YG and OG 
is mainly due to the difference in the rates of development in the propulsive impulse during 
the initial acceleration phase. In contrast, support time and vertical impulse during the 
initial acceleration phase remained largely unchanged with advancing age. These findings 
are in agreement to those previously reported for both boys (14) and elite male sprinters 
(29). It seems likely that increasing propulsive forces facilitates a greater stride length and 
increased acceleration ability, with natural development of these variables occurring up 
until the age of 12.7 years old in the present study. Training to further improve the 
acceleration ability of girls may be best focussed on methods that improve the ability to 
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shown to respond positively to resistance training, and the magnitude of gains increased 
with advancing maturation (30). Recently, Morin et al. (31) demonstrated that heavy 
resisted sled pulling improved speed and horizontal force production more than un-resisted 
sprint training. Resistance training, particularly resistance training with a focus on horizontal 
force production, may offer a means by which adolescent girls can continue to develop their 
ability to accelerate via continued improvements in propulsive force.  
As a limitation, the times for 25 and 50 m were recorded using single beam photocell 
units which could cause an error of the times of approximately 0.02 s (32). Moreover, this 
study did not consider the actual maturation level of each participant, thus the timing of the 
change in rates of development in sprinting performance in relation to the maturation level 
cannot be determined. While the novelty of this study was in measuring the GRFs during 
sprinting, investigating the sprinting motion of girls over a broad range of ages would 
provide a deeper understanding of the development of sprinting ability of girls. In addition, 
examining body composition will improve understand of how changes in anthropometry 
influence relative force production (i.e. force relative to lean mass may stay the same, or 
even improve in OG, but they are having to move more inert body fat when they sprint).  
 
Perspective 
There appeared one age range of rapid development in sprinting ability for the females, 
with a plateauing effect noted with those > 12.7 years. Rates of developments in all 
sprinting performance measures were significantly different between the younger and older 
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periods of greater and lesser rates of growth in height in the younger and older groups, 
respectively. Moreover, this was also accompanied by the rapid and slower development of 
step length during the maximal speed phase in the younger and older groups, respectively. 
In terms of kinetics, the propulsive impulse during the initial acceleration phase of sprinting 
was the only source that likely resulted in the different rates of development observed in 
running speed between the younger and older groups. Based on the findings in this study, 
talent development systems that promote gains in sprinting ability in Japanese girls beyond 
the age of 12.7 y, or throughout adolescence, may be considered successful as natural 
development appears to plateau beyond this age. Moreover, training programs that focus 
on improving step length during the maximal speed phase and horizontal force production 
during the initial acceleration phase may be most successful. 
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Table 1. Characteristics of participants and sprint times in each group. YG = younger group (≤ 12.7 y), 






Height (cm) 135 (11.4) 157 (5.4) 
Mass (kg) 31.2 (8.8) 49.1 (7.4) 
25 m time (s) 5.05 (0.51) 4.54 (0.28) 
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Figure legends 
Figure 1: Serial GRF signals during sprinting over a 50-m distance for a typical participant (age, 11.3 
y; 50-m sprint time, 8.99 s). The numbers in each panel indicate step numbers from the first step 
after the start. Two horizontal two-headed arrows indicate the ranges of four steps during the initial 
acceleration and maximal speed phases for this participant. 
 
Figure 2: Average values of running speed over the 50 m distance, height and body mass plotted 
against chronological age. Black circles indicate the younger group, and white circles indicate the 
older group of girls. (a) average running speed over 50 m, (b) height, (c) body mass. Regression 
equations and coefficient of determination for the two age groups are shown in each graph as y and 
R². P value in each panel indicate the result of testing structural change. 
 
Figure 3: Spatiotemporal variables of sprinting during the initial acceleration and maximal speed 
phases plotted against chronological age. Black circles indicate the younger group, and white circles 
indicate the older group of girls. (a) running speed during the initial acceleration phase, (b) running 
speed during the maximal speed phase, (c) step length during the initial acceleration phase, (d) step 
length during the maximal speed phase, (e) step frequency during the initial acceleration phase, (f) 
step frequency during the maximal speed phase, (g) support time during the initial acceleration 
phase, (h) support time during the maximal speed phase. Regression equations and coefficient of 
determination for the two age groups are shown in each graph as y and R². P value in each panel 
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Figure 4: Ground reaction impulse variables of sprinting during the initial acceleration and maximal 
speed phases plotted against chronological age. Black circles indicate the younger group, and white 
circles indicate the older group of girls. (a) braking impulse during the initial acceleration phase, (b) 
braking impulse during the maximal speed phase, (c) propulsive impulse during the initial 
acceleration phase, (d) propulsive impulse during the maximal speed phase, (e) net anteroposterior 
impulse during the initial acceleration phase, (f) net anteroposterior impulse during the maximal 
speed phase, (g) vertical impulse during the initial acceleration phase, (h) vertical impulse during the 
maximal speed phase. Regression equations and coefficient of determination for the two age groups 
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